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Appendix VI–B.—Summary of Case Studies Demonstrating Effectiveness of Ergonomic Programs/Interventions—
Continued

JOB TITLE OR
ACTIVITY

SIC
CODE ERGONOMIC SOLUTIONS

REPORTED REDUCTION IN
INJURY RATES

SOURCES
LOST WORK-

DAY MSDs
TOTAL
MSDs

Motor vehicle as-
sembly, various
jobs

371 Introduction of an ergonomics
program, including engineering
controls, work practice controls,
job rotation/job enlargement,
medical management, edu-
cation, and training. Controls
implemented included
counterbalanced tools, lift ta-
bles, and workstation redesign
to prevent awkward postures
and excessive reaches.

Lost-time work-
day rate de-
creased 65%,
and the lost-
time case rate
decreased
48%.

Over a 3 year
period, the in-
jury and ill-
ness rate de-
creased 11%
and the sever-
ity rate de-
creased 39%.

OSHA Site Visit,
Case Study
No. 10 (Ex.
26–1180).

Truck manufac-
turing, various
jobs

3711 Introduction of company
ergonomics program in 1990.

Engineering controls: substituted
machine riveting for manual riv-
eting, introduced raised work
heights, and installed lifting de-
vices. Introduction of job rota-
tion for 85% of the workforce.

• Lost-time inju-
ries fell from
80 to 28 in 2
years.

• Lost workdays
fell from 1,402
to 193.

CTD cases fell
from 105 to 54
in 2 years.

Mandelker
(1993) (Ex.
26–1063).

Auto assembly 3711 Introduced variable height car
conveyer belt, articulating arms
to move large parts, like dash-
boards, into place. Also rede-
signed tools.

Not Reported. 50% decline in
ergonomic re-
lated injuries
in the first
year. 35% de-
cline in sec-
ond and third
years.

LaBar (1992)
(Ex. 26–1053).

Auto assembly
line worker

3711 28 projects were redesigned to
change specific jobs, making
them ergonomically less trou-
blesome.

Reduced from
3,134 lost
days per year
to 1,355 lost
days per year
after project
completion.

Not Reported. Brandon (1992).

Auto body as-
sembly, fixing
side mouldings
to body

3711 Replaced pneumatic nut runner
with a lighter model. Used a
stepped ramp that allowed
workers to select an appro-
priate position relative to the
work piece.

Not Reported. Upper-body
MSDs were
eliminated.

Oxenburgh
(1994) (Ex.
26–1041),
Case 50.

Spot welding onto
auto frame

3711 Fixed a large-diameter circular
handle to the welding frame,
which allowed the frame to be
moved into any position while
keeping the wrist in a straight
posture.

Not Reported. Wrist injuries
were elimi-
nated.

Oxenburgh
(1994) (Ex.
26–1041),
Case 51.

Spray painting
auto bodies

3711 Lengthened spray gun trigger to
increase gun’s grip diameter
and allow the trigger to be op-
erated with three fingers.

Not Reported. Cases of hand
tendinitis were
eliminated.

Oxenburgh
(1994) (Ex.
26–1041),
Case 52.
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JOB TITLE OR
ACTIVITY

SIC
CODE ERGONOMIC SOLUTIONS

REPORTED REDUCTION IN
INJURY RATES

SOURCES
LOST WORK-

DAY MSDs
TOTAL
MSDs

Auto instrument
panel assem-
bly, manual
handling

3714 Installed a hoist system to re-
move panels from conveyor
and transport them to shipping
containers.

Lost-time back
injuries asso-
ciated with
this operation
were elimi-
nated.

Not Reported. Oxenburgh
(1994) (Ex.
26–1041),
Case 40.

Pneumatic screw
feeder oper-
ation, auto in-
strument panel
assembly

3714 Installed a counter-balanced ar-
ticulated arm to reduce the
weight of the tool.

Not Reported. Upper-body
MSDs were
eliminated.

Oxenburgh
(1994) (Ex.
26–1041),
Case 46.

Computer oper-
ator

3714 The company instituted a bian-
nual training program to em-
phasize good lifting and push-
ing techniques as well as good
posture. Also instituted a
stretching exercise program
and encouraged the CAD oper-
ators to take frequent short
breaks.

Engineering controls included:
• Purchased 27 back cush-

ions, 71 lumbar supports in
three different sizes, 24 key-
board/mouse rests, and 12
document holders in the past
five years;

Saved 20,000
hours lost time
per year since
eliminating
CTD-related
complaints.

Not Reported. ‘‘Communication
drives process
at Siemens.’’
CTD News,
(1997) (Ex.
26–1077).

• Provided adjustable chairs;
and

• Provided foot rests for short-
er workers.

Manufacturing of
electronic com-
ponents, var-
ious jobs

3714 Introduction of an in-plant
ergonomics program, engineer-
ing controls including hand tool
and workstation redesign, and
lift devices. Job rotation and
other administrative controls,
work practice controls, medical
management, and training also
implemented.

Decrease of
50% from 116
lost-time days/
100 workers
(1990) to 58/
100 workers
(1991) for
MSDS. Addi-
tional 50% de-
crease in
1992 to 29
lost-time days/
100 workers.

The incidence
rate of ergo-
nomic dis-
orders de-
creased by
67% from 37/
100 workers
(1990) to 12/
100 workers
(1992).

OSHA Site Visit,
Case Study
No. 8 (Ex. 26–
1178).

Automotive en-
gine assembly

3714 A hoist was replaced by a con-
veyer belt set at waist height
and part of the assembly proc-
ess was automated.

70 days lost
time and over
1,000 days on
restricted duty
were reduced
to no lost days
and no per-
sonnel on re-
stricted duties.

Not Reported. Oxenburgh
(1994) (Ex.
26–1041),
Case 2.
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LOST WORK-

DAY MSDs
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Small parts as-
sembly ma-
chine operation

3714 Jammed machine required oper-
ator to climb a bar ladder while
carrying a heavy load. A cor-
rectly designed ladder and cat-
walk were installed along with
a chute to dispose of damaged
parts without the need for car-
rying them.

Not Reported. Foot and ankle
MSDs associ-
ated with the
operation
were elimi-
nated.

Oxenburgh
(1994) (Ex.
26–1041),
Case 47.

Automotive air
conditioner
manufacture,
material han-
dling

3714 Installed overhead conveyor belt
that moves the condenser
cores through the various pro-
cedures, minimizing manual
handling. Also installed box til-
ers to assist in packaging and
scissor lift for stacking.

Prior to program,
plant aver-
aged 50 lost-
time injuries
per year,
many of those
back injuries.
After program
implementa-
tion, 2 back
injuries have
been recorded
over a 4-year
period.

LaBar (1991)
(Ex. 26–1078).

Auto instrument
panel sub-
assembly

3714 Spring clips were pushed into po-
sition using a hand tool that re-
quired excessive force to oper-
ate. New tool was designed to
reduce force and awkward po-
sitioning of the hand and wrist.

Not Reported. Wrist and hand
injuries were
eliminated.

Oxenburgh
(1994) (Ex.
26–1041),
Case 49.

Trimming mould-
ings with hand
cutter

3714 Hand cutters were replaced with
automated or air-powered cut-
ters.

Not Reported. Hand and wrist
injuries asso-
ciated with
this operation
were elimi-
nated.

Oxenburgh
(1994) (Ex.
26–1041),
Case 54.

Manufacture of
jet aircraft en-
gine parts, var-
ious jobs

372 Implementation of ergonomics
program, including engineering
control measures, work prac-
tice controls, medical manage-
ment, education, and training.
Controls implemented included
redesigning workstations to
provide employees with more
room to perform tasks, adding
anti-fatigue mats and adjust-
able footrests, removed or pad-
ded tables and shelves to re-
duce contact stress, and in-
stalled vibration-absorbing
pads onto grinding wheels.

Not Reported. Decrease in car-
pal tunnel syn-
drome cases
from 26 in
1988, 11 of
which required
surgery, to 1
case in 1992
which did not
require sur-
gery.

OSHA Site Visit,
Case Study
No. 9 (Ex. 26–
1179).
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Shipbuilder 3731 Initiated training classes covering
the nature of CTDs, anthro-
pometry, work physiology, back
and wrist anatomy and proper
work techniques, In-depth train-
ing course covered tool selec-
tion, work habits, alternating
trigger fingers and hands.

Decreased to
only 6 lost-
time
ergonomics
wrist injuries
through No-
vember 1996,
since training
completed in
June 1995.

Eliminated wrist
injury in the
welding de-
partment until
March 1996.

‘‘Training a
‘limbsaver’ at
Newport
News.’’ CTD
News (1997)
(Ex. 26–1079).

Workers participated in evalu-
ating and developing interven-
tions for the welding depart-
ment, and selecting pistol grip
and in-line based tools so as to
keep the wrists in a neutral
posture.

Eliminated lost
time back inju-
ries since July
1995.

Reduced
ergonomics
case rates
about 30 per-
cent during
1996.

Installed scaffolding at the right
height and distance from the
work, and used ladders or in-
stalled scaffolding to higher po-
sitions for the work above
shoulder height.

Motorcycle manu-
facturing,
flywheel milling
operations

3751 Introduction of lighter flywheel
castings and an overhead lift;
introduction of a customized
deburring machine eliminating
vibration exposures; introduc-
tion of a customized 40-ton
press eliminating the use of the
brass hammer.

MSDs involving
lost or re-
stricted work-
days dropped
from 27.6 per
100 workers in
1989 to 12.5
per 100 work-
ers in 1993.
The severity
rate of MSDs
dropped from
610 lost or re-
stricted work-
days per 100
workers in
1989 to 190
days in 1993.

Not Reported. McGlothlin and
Baron (1991)
(Ex. 26–1080).

Assembly of
pressure-sens-
ing instruments

3823 Forceful turning actions were re-
quired to fit an O-ring in place.
Cordless screwdrivers were
used with a custom attachment
to bring wrists into stronger po-
sition and allow hand to em-
ploy a power grip.

Not Reported. Wrist and arm
MSDs were
eliminated.

Oxenburgh
(1994) (Ex.
26–1041),
Case 44.

Medical needle
manufacture,
inspection sta-
tion

384 Used task forces to identify jobs
involving worker exposures to
risk factors. Identified problems
on quality control line and im-
plemented design changes to
the workstations.

Achieved 75%
reduction in
upper extrem-
ity MSD
cases.

Benden (1994)
(Ex. 26–1081).
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ACTIVITY

SIC
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REPORTED REDUCTION IN
INJURY RATES

SOURCES
LOST WORK-

DAY MSDs
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MSDs

Manufacture of
suction can-
isters used in
surgical proce-
dures

3841 Introduction of an ergonomics
program utilizing a medical
management program, em-
ployee training program, job ro-
tation, and engineering con-
trols. Controls implemented in-
clude replacing old wooden
supply stations with
ergonomically designed sta-
tions, and automating various
processes.

Not Reported. Decrease in the
ergonomic in-
jury rate from
5.2/100 work-
ers (1989) to
2.8/100 work-
ers (1993).

OSHA Site Visit
No. 16 (Ex.
26–1183).

Manual handling
of bulk paper

386 Two operators manually lifted
large wads of paper from a
trolley. Manual lifting was elimi-
nated by installing a scissor lift.
In addition, the trolley’s runners
were replaced by roller bear-
ings that enabled the paper to
be loaded onto the scissor lift
without manual lifting.

Not Reported. There were 18
back injuries
in one year
prior to imple-
menting
changes.
There have
been no back
injuries in the
3 years since
modifications
were made.

Oxenburgh
(1994) (Ex.
26–1041),
Case 36.

Manufacturing
board games,
inspection and
packing

3944 Job analysis and problem solving
involving employees to rede-
sign packing workstations. De-
sign changes included raising
the height of conveyors, slow-
ing conveyor speed (no effect
on throughput), placing roller
conveyors on an incline to fa-
cilitate carton removal, and
changes in work procedures.

Eliminated all
cumulative
trauma injuries
associated
with job.

Cook and Mar-
cotte (1990)
(Ex. 26–1082).

Railroad repair-
men

40 Introduced storage of tools and
materials off the ground be-
tween knee and shoulder
height; devised winches to lift
and handle heavy equipment;
and redesigned work tables,
dollies, and carts to more eas-
ily handle train car parts.

Lost-work days
reduced to
zero for back
injuries.

Low-back inju-
ries reduced
to zero.

McMahan (1991)
(Ex. 26–1083).

VDT operator,
package deliv-
ery service

42 Introduced sit-stand workstations
that permit workers to adjust
workstation to meet specific
needs.

Reduced MSD
cases by half
in 12 months.

Nerhood and
Thompson
(1994) (Ex.
26–1084).
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ACTIVITY

SIC
CODE ERGONOMIC SOLUTIONS

REPORTED REDUCTION IN
INJURY RATES

SOURCES
LOST WORK-

DAY MSDs
TOTAL
MSDs

Freight truck ter-
minal oper-
ations

4213 Established ergonomics program
in esponse to rising number of
back injuries. Program ele-
ments include analysis of injury
records to identify hazardous
operations, extensive use of
lifting and carrying devices,
providing extra personnel to
handle heavy or awkward
freight, employee training, and
medical management of injured
workers.

There were 7
lost-time inju-
ries in 1989,
followed by 4
in 1990 and 5
in 1991.

Total number of
MSD cases
decline from
13 in 1989 to
7 in 1990.

OSHA Site Visit
No. 5 (Ex. 26–
1177).

VDT operation,
telecommuni-
cations estab-
lishment

481 Retrospective study of the im-
pacts of an ergonomics pro-
gram on 500 VDT operators.
Program included job task
analyses, workstation redesign,
and worker education and
training.

Number of upper
extremity dis-
orders over
the 6 months
prior to imple-
mentation of
the program
was 52; this
was reduced
to 29 for the 6
months fol-
lowing inter-
vention.

Tadano (1990).

Materials han-
dling, electrical
utility

4911 Redesigned equipment:
• Weight of the water coolers

reduced from 10 lbs to 5 lbs.
• Rotating platform for trans-

formers. Step and grab han-
dles added to trucks.

• New shovel handle and new
pry bars.

• Position of the kegs on
trucks was lowered to mini-
mize twisting of the back.

Lost time injuries
reduced to
0.42 per 100
employees in
1989.

Injuries due to
getting in and
out of trucks
reduced from
9 to 0 in year
following rede-
sign. No inju-
ries from lifting
the water kegs
since the
changes.

‘‘Foiling field in-
juries with
ergonomics.’’
Electrical
World (1990)
(Ex. 26–1085).

Data entry oper-
ator, gas and
electric utility

4932 • Engineering controls:
workstation design.

• Administrative controls imple-
mented.

Lost time due to
work-related
injuries de-
creased from
1,008 hours/
month to 584
hours one
year later.

Not Reported. Couch (1990)
(Ex. 26–1086).

Sewing machine
operator

5137 Installed padded, swivel chairs
with adjustable backs and im-
proved materials handling
methods. Also instituted an ex-
ercise program.

Not Reported. Incidence rate of
tendinitis de-
creased from
12% to less
than 1% in
some plants.

Hammond-Smith
(1990) (Ex.
26–1087).
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SIC
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REPORTED REDUCTION IN
INJURY RATES

SOURCES
LOST WORK-

DAY MSDs
TOTAL
MSDs

Material handling,
grocery dis-
tribution center

514 Implemented comprehensive pro-
gram that included hazard
identification and job hazard
analysis, medical management
and reassignment of injured
employees, worker training,
and implementation of engi-
neering and work practice con-
trols. Controls included making
minor modifications to some
forklift equipment, replacing
other equipment, and providing
ergonomically designed
workstations for data entry per-
sonnel.

Number of MSD
workers com-
pensation
claims decline
from 14 in
1989 to 8 in
1991.

Not Reported. OSHA Site Visit
No. 4 (Ex. 26–
1176).

Restaurant work-
er

5812 Reduced the amount of food
served by the workers, and
heavy porcelain crockery was
replaced with plastic.

Not Reported. Reported injuries
decreased
40%.

Oxenbrugh
(1994) (Ex.
26–1041),
Case 17.

Pricer—clothing
store

5932 Staples were reduced to one per
tag and job rotation was intro-
duced so that no one person
stapled for more than 45 min-
utes at a time.

Not Reported. In 1994–1995,
23% of pricers
had CTDs; 2
had bilateral
carpal tunnel
releases and
were unable
to return to
work. In
1996–1997,
10% of pricers
were affected,
but all have
returned to
their jobs with-
out surgery or
impairment.

‘‘ARC takes
thrifty ap-
proach to
ergonomics.’’
CTD News
(1998) (Ex.
26–1089).

Data entry 6021 Adjusted workstations and light-
ing.

Not Reported. Reduced neck
tension syn-
drome from
54% to 16%.

Luopajarvi et al.
(Undated) (Ex.
26–1090).

Nursing assist-
ants, nursing
home

805 Implemented program to deter-
mine patient lifting tasks that
were the most stressful; evalu-
ate alternative devices for ac-
ceptability among assistants;
train assistants in use of de-
vices; and modifying shower
rooms and patient care tech-
niques to facilitate patient han-
dling. Used walking belts and
mechanical hoists for lifting
aids.

Decrease of 634
lost workdays/
100 FTEs be-
fore interven-
tion to 317
lost workdays/
100 FTEs post
intervention.

Incidence for
back injuries
decreased
from 83 to 47
per 200,000
work-hours.

Garg and Owen
(undated) (Ex.
26–1093).
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LOST WORK-
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Nursing aides,
nursing home

805 Committee of employees deter-
mined the types of mechanical
devices that were needed, in-
stalled in 1993. Implemented
employee training and modified
duty programs.

Decrease in lost
work days 38
in 1991 to 4 in
1994 (as of
Nov), is large-
ly attributed to
the implemen-
tation of a no
lifting greater
than 50
pounds policy.

Not Reported. Comments to
OSHA from
Kennebec,
(undated) (Ex.
26–1094).

Nurse, hospital 8062 Professional lifting team of 2 per-
forms 95% of all patient lifts;
nurses freed to do more nurs-
ing activities.

Not Reported. Back injuries re-
duced 94%
first year after
teams were
implemented.

Charney et al.
(1991) (Ex.
26–1091).

Nursing and laun-
dry workers,
hospital

8062 Worker education and training
were provided. Employees
were encouraged to take
breaks.

A regular maintenance program
for equipment was initiated.
New hand tools and lifting
equipment were provided. Han-
dles were installed onto tool
carts. X-Ray cassettes were re-
organized to avoid repetitive
bending and back problems.

Lost-time hours
in nursing
ward fell 83
percent in 4
years.

Lost-time hours
among laun-
dry workers
fell 83 percent
in 2 years.

Back injury rates
in nursing
wards fell 39
percent in 4
years.

Back injury rates
among laun-
dry workers
fell 71 percent
in 2 years.

‘‘Giving health-
care workers
a helping, me-
chanical
hand.’’ CTD
News (1995)
(Ex. 26–1092).

Nursing, hospital 8062 Ergonomic assessment of 14-
room surgical suite, imple-
mented changes in procedures
for moving patients, maneu-
vering carts and equipment,
using gall bladder boards,
walking on wet floors, and ac-
cessing power outlets. Workers
are periodically retrained in
procedures to maintain aware-
ness.

Not Reported. Back injury rates
reduced by
25% in 18
months since
program was
implemented.

Garb and
Dockery
(1995) (Ex.
26–1095).

Prescription filling
using a sy-
ringe, hospital

8062 A manual assist for syringe actu-
ation was developed to reduce
the thumb and pinch grasp
forces required while using a
standard syringe. The system,
about the size of a hot dog
bun, accommodates standard
syringe sizes from 10 cc to 60
cc.

Not Reported. Upper extremity
CTD cases
were reduced
from six to
one.

‘‘Case study 60:
Hospital phar-
macy liquid IV
prescription
filling using a
syringe.’’
ErgoWeb Inc.,
1998 (Ex. 26–
1096).

Hospital workers 8062 Patient Air Lift Systems intro-
duced.

Not Reported. Reduced injuries
at second
hospital by
94%.

Brigham (1994)
(Ex. 26–1097).
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Nursing, hospital 8062 Redesigned work process: Me-
chanical lifting equipment, slide
boards, and patient transfer
belts.

Lost-time injuries
reduced to 49
(down 35%),
with 426 lost
days (a 57%
decrease),
and 1,851 re-
stricted days
(a 54% de-
crease).

In 1994 total
back injuries
decreased to
85 (a 43% re-
duction).

Hospital Em-
ployee Health
(1995) (Ex.
26–1098).

Government em-
ployees

91 Introduction of program of ergo-
nomic improvements, edu-
cation, training, and physical
fitness activities.

Not Reported. 1-year preva-
lence of back
pain fell from
65 to 53 per-
cent.

Shi (1993) (Ex.
26–1099).

VII. Significance of Risk
In this section of the preamble, OSHA conducts several

analyses and presents data and information to demonstrate,
first, that work-related musculoskeletal disorders (MSDs)
constitute a material impairment of health or functional
capacity under the Occupational Safety and Health Act
(OSHAct or Act). This discussion demonstrates that MSDs
are painful, often disabling injuries and illnesses that cause
lost work time, require medical treatment, involve restricted
work, and, all too often, result in surgical interventions.

The Agency then demonstrates the significance of the risk
of incurring these material health impairments confronting
workers in the industries and occupations covered by the
scope of the proposed ergonomics standard. As OSHA’s
analysis shows, over a working lifetime, workers in these
jobs face risks ranging roughly from 24 cases per 1,000
workers to 813 cases per 1,000 workers, risks that are clearly
significant by any reasonable measure. Even on an annual
rather than lifetime basis, many of the workers who would
be covered by the proposed standard are at great risk:
nursing aides and truck drivers, for example, can expect to
suffer between 20 and 40 lost-workday musculoskeletal
disorders for every 1,000 workers in every year that they
work. Again, that risks of this magnitude are significant
within the meaning of the Act is not disputable.

Sections A and B below thus demonstrate unequivocally
that the first two tests OSHA must meet before it can
regulate—that the hazard regulated by the standard
constitutes material impairment of health or functional
capacity and that the risk posed to workers covered by the
standard is significant, as that term has been defined in
OSHA case law—have been met.

A. Material Impairment

As part of OSHA’s threshold determination of significant
risk for standards issued under section 6(b)(5) of the Act,
OSHA must determine whether exposure to the hazard in
question results in ‘‘material impairment of health or
functional capacity.’’ 29 U.S.C. 655(b)(5). As discussed
above in the Health Effects section, the risks posed by
exposure to workplace (ergonomic) risk factors are serious

and can result in musculoskeletal disorders (MSDs) that
cause substantial impairment and permanent disability.

Musculoskeletal disorders represent a set of pathological
conditions that impair the normal function of the soft tissue
of the musculoskeletal system, such as tendons, muscles,
cartilage, ligaments, and nerves. MSDs arise when
musculoskeletal soft tissue is subjected to repeated physical
stress, usually from repetitive movements, static postures, or
continuous loading of tissue structures, which in turn causes
gradually accumulating tissue damage. The physical stresses
that can contribute to or cause MSDs are called ‘‘risk
factors.’’ The initial symptoms of MSDs may include fatigue,
discomfort, and pain; as tissue damage worsens, other
symptoms, such as weakness, numbness, or restricted
movement, may also appear. Work-related MSDs occur
when the risk factors that cause or contribute to
musculoskeletal system pathology are associated with a
person’s job duties. The disorders represented by the term
‘‘MSDs’’ have been referred to by various other names,
including ‘‘cumulative trauma disorders,’’ ‘‘repetitive strain
injury,’’ and ‘‘occupational overuse syndrome.’’ MSDs do
not include musculoskeletal injuries that are clearly caused
by accidents, such as a torn Achilles tendon that results from
stepping in a hole. Instead, MSDs reflect tissue damage and
functional loss that occurs over time from prolonged or
frequent exposure to risk factors.

However, some MSDs, particularly those of the back, may
appear to be related to acute exposure events although they
are actually the result of prolonged exposure to risk factors
that has caused gradual tissue deterioration that ultimately
led to injury. In other words, although some work-related
MSDs may appear to be caused by an acute event (such as
a particular lift or movement), the likelihood is high, if such
lifts or movements are a routine part of the worker’s job, that
what appears to be an injury of sudden onset is in fact one
of gradual onset. Thus, injuries associated with acute
exposure events cannot simply be ruled out as MSDs
without determining whether exposure to workplace risk
factors may in fact have contributed to the injury. Table VII–
1 lists some of the injuries and illnesses that comprise the
group of disorders known as MSDs.
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Based on the evidence discussed in this and other sections
of the preamble, as well as all other evidence gathered by
OSHA and placed in the public docket of this rulemaking,
OSHA has preliminarily concluded that the musculoskeletal
disorders associated with workplace exposure to workplace
risk factors constitute material impairments of both health
and functional capacity. OSHA recognizes that these
disorders are not life-threatening and that some of these
disorders may be reversible, particularly if early intervention
is provided. Nonetheless, evidence in the record shows that
these disorders are debilitating (Brisson et al. 1989, Ex. 26–
47; Vingård et al. 1991, Ex. 26–44; Berg et al. 1988, Ex. 26–
46; Liss et al. 1992, Ex. 26–55; Webster and Snook 1994, Ex.
26–33; Binder and Hazleman 1983, Ex. 26–45; Boshuizen et

al. 1990, Ex. 26–40; Blanc et al. 1996, Ex. 26–42; Liberty
Mutual Research Center for Safety and Health, 1998, Ex. 26–
54). These disorders cause persistent and severe pain, lost
worktime, reduction or loss of the worker’s normal
functional capacity both in work tasks and in other of life’s
major activities, loss of productivity, and significant medical
expenses. Where preventive action or early medical
intervention is not provided, these disorders can result in
permanent damage to musculoskeletal tissues, causing such
disabilities as the inability to use one’s hands to perform
even the minimal tasks of daily life (e.g., lifting a child),
permanent scarring, and arthritis.

BILLING CODE 4510–26–P
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The painful and debilitating nature of MSDs is illustrated
by several letters from workers who have told the Secretary
of Labor and OSHA that they have experienced severe pain,
limited work capacity, lost work time, loss of income, and
permanent impairment due to overexposure to workplace
risk factors (Ex. 26–1263). In addition, these workers have
said that the damage and pain have left many of them unable
to perform other major life activities, such as walking,
cooking, holding children, lifting or grasping objects, or
writing (Ex. 26–1263). The pain referred to by these workers
is not the normal muscle soreness associated with job break-
in or conditioning, or temporary muscle strain due to doing
new or unusual tasks. Instead, the pain is severe and
persistent. Many employees must be placed on medication
to alleviate or at least reduce the intensity of their pain. The
pain of MSDs may also continue or may even manifest after
the employee is removed from exposure at the end of the
workshift (Ex. 26–1263).

Table VII–1.—Examples of Some Types of Musculoskeletal
Disorders That are Often Work-Related
—Tension-neck syndrome
—Thoracic outlet syndrome
—Shoulder tendinitis (rotator cuff, bicipital)
—Epicondylitis (elbow)
—Carpal tunnel syndrome (hand-wrist)
—Wrist tendinitis
—Hypothenar hammer syndrome (hand)
—Hand-arm vibration syndrome
—Tenosynovitis
—de Quervain’s tendinitis
—Trigger finger
—White finger
—Sciatica, low back pain
—Knee bursitis (carpet layer’s knee)

In addition, the pain usually increases if exposure to the
ergonomic risk factors continues (Ex. 26–1263). OSHA
believes that this type of severe and persistent pain, and the
tissue damage underlying this pain, clearly constitutes a
material impairment of health under the OSH Act.

Musculoskeletal disorders of most kinds are recognized as
compensable under virtually all State workers’
compensation plans, and these disorders imposed nearly
$20 billion in medical costs and industry payments on the
U.S. economy in 1994 (see the Preliminary Economic
Analysis section of this preamble). Under workers’
compensation, however, employees are reimbursed only
where their work-related injury or disorder requires medical
treatment and/or results in lost workdays. Moreover,
payments for lost wages are not provided unless the
employee’s injury or disorder results in a certain number of
lost workdays (the number varies across the States and
ranges from one to seven days). According to evidence
presented in the Preliminary Economic Analysis, a
significant number of musculoskeletal disorder workers’
compensation claims result in lost workdays. For example,
according to a study by Webster and Snook (1994, Ex. 26–
33) based on workers’ compensation data from Liberty
Mutual Insurance Company, the largest underwriter of
workers’ compensation insurance in the country, more than
45 percent of all low back pain cases involved indemnity
payments for lost workdays. This study also indicated that,
on average, more than 65 percent of the workers’
compensation costs for musculoskeletal disorders
represented indemnity payments for lost workdays. Overall,
work-related low back pain accounts for 15 percent of all
Liberty Mutual workers’ compensation claims and 23
percent of their costs (Liberty Mutual Research Center for
Safety and Health, 1998, Ex. 26–54).

Further evidence of the disabling nature of MSDs comes
from the Bureau of Labor Statistics (BLS) data for 1996,
which show that the median number of lost workdays (LWD)
per recordable lost-time MSD is higher than the median
across all lost workday injuries (see Figure VII–1). For
example, the median number of lost workdays for cases
classified by BLS as carpal tunnel syndrome, tendinitis or
tenosynovitis, or musculoskeletal and connective tissue
disorders, is 25, 9, and 10 days, respectively. More than one-
half of all carpal tunnel LWD cases and one-third of
musculoskeletal and connective tissue disorder LWD cases
result in more than 20 lost workdays, compared to less than
one-fourth of all LWD injuries. Among workers who
received compensation awards in 1994 for upper-extremity
disorders, the average length of disability was 87 days, with
6.8 percent of the claims covering one-year or more of
disability (Liberty Mutual Research Center for Safety and
Health, 1998, Ex. 26–54).

Finally, several individual studies provide additional
evidence demonstrating the disabling nature of MSDs. A
study of female sewing machine operators showed an
increased prevalence of disability among both retired and
active workers compared to national rates of disability
(Brisson et al., 1989, Ex. 26–47). Operators who had left their
jobs had a greater rate of severe disability when compared
to workers who had left other types of employment. Vingard
et al. (1991, Ex. 26–44) found an increased risk of early
retirement among workers exposed to heavy or medium
work loads due to disorders of the lower back, neck/
shoulder, hip, or knee. An elevated incidence of long-term
absenteeism and disability due to intervertebral disc
disorders was found among tractor drivers, with the
incidence appearing to increase with whole-body vibration
dose and duration (Boshuizen et al. 1990, Ex. 26–40). An
analysis of data from the National Health Interview Survey
showed that repetitive bending of the hand or wrist on the
job was significantly associated with the frequency of self-
reported carpal tunnel syndrome (CTS), and that work-
related disability was common among the 544 subjects
reporting CTS. The persistence of symptoms associated with
MSDs is illustrated by two other studies. Berg et al. (1988,
Ex. 26–46) studied the prevalence of MSD symptoms among
327 retired shipyard workers who had been engaged in
heavy physical work and found that the prevalence of
symptoms remained unchanged over a three-year period. In
another study, Binder and Hazleman (1983, Ex. 26–45)
followed the health status of 125 patients with lateral
epicondylitis over a 1- to 5-year period after initial
presentation of the disorder. Over the follow-up period, 40
percent of the patients continued to have discomfort that
affected some daily activities.

OSHA has promulgated a wide range of health standards
where the adverse health effects associated with exposure
to substances or conditions are serious but not necessarily
life-threatening, such as health effects that interfere with
normal daily life or job performance, or that require
substantial medical intervention. See Cotton Dust (29 CFR
1910.1046 ), Occupational Noise Exposure (29 CFR 1910.95),
Occupational Exposure to Lead (29 CFR 1910.1025),
Occupational Exposure to Formaldehyde (29 CFR
1910.1048). For example, in promulgating the Hearing
Conservation Amendment, OSHA determined that ‘‘* * *
material impairment of hearing is directly related to people’s
ability to understand speech as it is spoken in everyday
social conditions.* * *’’ (46 FR 46236), including being
able to understand speech in noisy environments. In the
Formaldehyde standard, OSHA based its permissible
exposure limit (PEL) and ancillary provisions, in part, on
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evidence that employees were at significant risk of
developing sensory irritation (e.g., burning and tearing of the
eyes, severe irritation of the nose and throat) and skin
diseases at the existing PEL, and that these effects were
sufficiently severe to interfere with the employee’s ability to
perform job functions (52 FR 46168, 46234–37).

The proposed ergonomics rule is similar to these other
OSHA standards in this respect. Work-related
musculoskeletal disorders also result in material impairment
of functional capacity by causing temporary or permanent
physical damage to the body. Such damage can include
severe inflammation of joints and tissues; reduced
conduction velocity in peripheral nerves; partial or total loss
of strength in an extremity; tearing of muscles and tendons;
numbness; decreased range of motion; arthritis; and pain.
When this damage occurs, employees are unable to perform
their jobs at all or at normal performance levels without
experiencing pain or causing further damage. Accordingly,
OSHA preliminarily concludes that work-related MSDs
constitute a material impairment of health.

B. Significant Risk
Section 6(b)(5) of the OSH Act gives the Secretary of Labor

authority to issue standards dealing with toxic substances
and harmful physical agents. This section provides, in part:

The Secretary, in promulgating standards dealing with toxic
materials or harmful physical agents under this subsection, shall set
the standard which most adequately assures, to the extent feasible,
on the basis of the best available evidence, that no employee will
suffer material impairment of health or functional capacity even if
such employee has regular exposure to the hazard dealt with by
such standard for the period of his working life. 29 U.S.C. 655(b)(5).

The Supreme Court has said that OSHA may promulgate
a standard only if it makes a threshold finding that it is at
least more likely than not that the risk OSHA seeks to
regulate is ‘‘significant’’ and that the change in practices
required by the standard would reduce or eliminate that
risk. Benzene, 448 U.S. at 642. This ‘‘significant risk’’
determination constitutes a finding that, absent the change
in practices mandated by the standard, the workplaces in
question would be unsafe in the sense that workers would
be threatened with a significant risk of harm. Id. This finding
is not unlike the threshold finding that a substance is toxic
or that a physical agent is harmful. Id., at 643 n. 48.

In the Benzene decision, the Court provided some
guidance as to when a reasonable person might consider a
risk significant and take steps to decrease it. The Court said:

Some risks are plainly acceptable and others are plainly
unacceptable. If, for example, the odds are one in a billion that a
person will die from cancer by taking a drink of chlorinated water,
the risk clearly could not be considered significant. On the other
hand, if the odds are one in a thousand that regular inhalation of
gasoline vapors that are 2 percent benzene will be fatal, a reasonable
person might well consider the risk significant and take the
appropriate steps to decrease or eliminate it. Id., at 655.

In Benzene, the issue before the Court was worker
exposure to a cancer-causing agent. OSHA has used the
guidelines provided by the Court in setting standards for
other carcinogens, such as methylene chloride, butadiene,
and ethylene oxide. However, OSHA believes that the
Court’s guidance is not limited to cancer-causing agents.
Material impairment of health refers not only to health
outcomes that cause certain death or threaten life, but also
to impairment of the employee’s ability to engage in the
normal activities of life, including work, as a result of
workplace events or exposures causing a serious reversible

or permanent disorder. Accordingly, OSHA has used the
Court’s guidelines in setting standards that address such
toxic materials and harmful physical agents as cotton dust,
occupational noise, and formaldehyde.

The Court indicated that a significant risk finding does not
require mathematical precision or anything approaching
scientific certainty if the ‘‘best available evidence’’ does not
allow that degree of proof. Id., at 655–56. The Court also
ruled that ‘‘a reviewing court [is] to give OSHA some leeway
where its findings must be made on the frontier of scientific
knowledge.’’ Id., at 656. The Agency is free to use
conservative assumptions in interpreting the data, ‘‘risking
error on the side of overprotection rather than
underprotection.’’ Id.

[T]he requirement that a ‘‘significant’’ risk be identified is not a
mathematical straitjacket. It is OSHA’s responsibility to determine,
in the first instance, what it considers to be a ‘‘significant’’ risk. Id.

Thus, the Court said that ‘‘while the Agency must support
its findings that a certain level of risk exists with substantial
evidence, we recognize that its determination that a
particular level of risk is ‘significant’ will be based largely
on policy considerations.’’ Id., at 656. The court also said
OSHA has considerable leeway in the kinds of assumptions
it applies in interpreting the data supporting such a
determination. Id.

There is no need, in the case of musculoskeletal disorders,
for OSHA to engage in risk modeling, low-dose
extrapolation, or other techniques of projecting theoretical
risk to identify the magnitude of the risk confronting
workers exposed to ergonomic risk factors. The evidence of
significant risk is apparent in the annual toll reported by the
Bureau of Labor Statistics, the vast amount of medical and
indemnity payments being made to injured workers and
others every year (nearly $20 billion in direct costs and as
much as $60 billion more in indirect costs), and the lost
production to the U.S. economy imposed by these disorders.
Similarly, there is no need for OSHA to turn to complex
theoretical projections of reductions in risk to demonstrate
that the standard as proposed will substantially reduce this
significant risk. Again, the evidence is there for all to see,
in the form of hundreds of epidemiological analyses, meta-
analyses, and case studies reporting the effectiveness of
ergonomic programs in reducing risk. The following
discussion, and the analyses presented below, demonstrate
the significance of the risk confronting workers in the
industries and occupations targeted in the proposed
standard and make the case for the standard’s effectiveness.

In this rulemaking there are, as mentioned above,
extensive data on the adverse effects on the human
musculoskeletal system of exposure to workplace risk
factors such as repetitive motions; static or awkward
postures; and the use of excessive force. As described in the
Health Effects and Preliminary Quantitative Risk
Assessment sections of this preamble, studies and national
statistics are available to demonstrate the high incidence and
prevalence of work-related musculoskeletal disorders
occurring or existing among workers exposed to ergonomic
risk factors. Estimates of the risk of harm confronting
exposed workers can be based directly on the rates of work-
related musculoskeletal disorders currently being reported,
and BLS survey data can be used to demonstrate the degree
to which work-related musculoskeletal disorders have
occurred across nearly all major industrial sectors and in
numerous occupations.

The data used by OSHA to support the proposed
ergonomics program rule are similar to the data used to
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support OSHA safety standards, in that both base their
estimates of risk and their case for the effectiveness of the
standard on data on injuries being reported in the current
workforce. The availability of such data makes it possible
to go directly from current rates of injury among workers to
an estimate of the likelihood of future harm which could be
prevented if a standard were promulgated. In other words,
it is not necessary either in the case of OSHA safety
standards or in the case of this ergonomics standard to
project or estimate risk based on the use of risk models
derived from animal data or epidemiological studies. Thus,
in the present case, no modeling is needed to make a
quantitative assessment of the risk of harm posed to workers
exposed to ergonomic risk factors on the job.

The data discussed in the Preliminary Risk Assessment
and Health Effects sections of the preamble demonstrate that
the risk of work-related musculoskeletal disorders meets the
Court’s definition of significant risk. For example, OSHA
estimates, based on the 1996 BLS data, that more than
647,000 lost-workday (LWD) musculoskeletal disorders were
recordable and reported by employers in 1996; these
disorders account for more than one-third of all employer-
reported LWD injuries. The estimated annual incidence of
employer-reported MSDs, defined as the number of MSDs
occurring in a given year per 1,000 workers employed in an
industry sector or occupation, exceeded 1 LWD case per
1,000 workers for all but a few of the 2-digit SIC general
industry groups in 1996; the incidence exceeded 10 LWD
cases per 1,000 workers in 15 of these industry sectors (see
Table VI–5 in the Preliminary Quantitative Risk Assessment
section of the preamble). Further, OSHA estimates that the
annual incidence of employer-reported LWD MSDs reached
1 case or more per 1,000 workers for 79 percent of all of
the occupational groups for which BLS estimated the
numbers of MSDs and employees. For 37 of these
occupations, the estimated annual incidence of LWD MSDs
exceeded 10 cases per 1,000 workers. For some high risk
occupations, such as practical nurses, nursing aides and
attendants, laborers, public transportation attendants, and
truck drivers, annual incidence rates are on the order of 20
to 40 LWD MSD cases per 1,000 workers per year. These
shocking incidence rates, however, are underestimates of the
true incidence of MSDs, because they are based only on lost
workday cases. OSHA estimates that the number of MSDs
that do not result in lost workdays is about twice that of
LWD MSDs.

Under section 6(b)(5) of the Act, OSHA has the duty to
ensure that no employee suffers material impairment even
if that employee has regular exposure to the hazard ‘‘for the
period of his working life.’’ 29 U.S.C. 655(b)(5). The
probability that an employee will suffer at least one
musculoskeletal disorder due to workplace risk factors over
a 45-year working lifetime is much higher than the risk
reflected in the one-year rates presented above. Therefore,
in the Preliminary Quantitative Risk Assessment section of
this preamble, OSHA also evaluated the risk to exposed
employees of incurring a LWD MSD over a 45-year working
lifetime. The results are presented by 2-digit SIC industry
group in Table VI–7 of the Preliminary Risk Assessment.
The probability of experiencing at least one LWD MSD
during a working lifetime ranges from 24 per 1,000 workers
(in SIC 62, Security and Commodity Brokers, Dealers,
Exchanges, and Services) to 813 per 1,000 workers (in SIC
45, Air Transportation). Among the 58 industry groups for
which BLS provided estimates of the number of MSDs
reported in 1996, the median lifetime risk of experiencing
at least one LWD MSD is 255 per 1,000 workers, and for
only 8 of these industry groups is the estimated lifetime risk

below 100 cases per 1,000 workers. The expected number
of MSDs that will occur in a cohort of workers all entering
an industry at the same time and working for 45 years ranges
from 24 per 1,000 workers to 1,646 per 1,000, depending on
the industry sector, since it possible for a worker to
experience more than one MSD in a working lifetime.

Although these data indicate that the risk of experiencing
an MSD is clearly significant, OSHA believes that these data
seriously understate the true risk. First, the BLS data capture
only those MSD injuries reported by employers as lost
workday injuries. MSDs that force an employee to be
temporarily assigned to alternate duty, as well as those
work-related MSDs not reported to employers by employees
or not recorded by employers, are not included in these risk
estimates. In addition, OSHA’s estimated incidences of
MSDs, which are derived from the BLS data, do not reflect
the true risk posed to employees who are exposed to risk
factors at work because the BLS-based incidence estimates
are based on the risk confronting the entire working
population, both exposed and non-exposed. Clearly, the risk
of experiencing a work-related MSD is considerably higher
among that subset of workers exposed to risk factors in their
jobs than it is for the rest of the working population (the
‘‘unexposed’’ population). In other words, the risk posed to
workers in the operations and jobs targeted by OSHA’s
proposed ergonomics standard is much higher, in general,
than the risk posed to workers in non-targeted jobs and
occupations. The method used by BLS to calculate the
incidence of MSD’s (i.e., using the full working population
as the denominator) is not unique to these kinds of injuries,
but is the standard approach used by BLS to report the
incidences of all kinds of injuries and illnesses.

There is also evidence that the actual risks attributable to
occupational exposure to ergonomic risk factors may be
much higher than is indicated by the BLS statistics. Many
peer-reviewed studies have been published in the scientific
literature in the last 18 years that document underreporting
of MSDs in OSHA logs (McCurdy et al., 1999, Ex.; Cannon
et al., 1981; Mazlish et al., 1995; Silverstein et al., 1997;
Biddle et al., 1998; Fine et al., 1986; Pransky et al., 1999;
Park et al., 1992; Park et al., 1996; Nelson et al., 1992). Table
VII–2 below summarized these studies. These studies
document extensive and widespread underreporting on the
OSHA log of occupational injuries and illnesses (McCurdy
et al., 1999) and of MSDs (Silverstein et al., 1997; Biddle
et al., 1998; Fine et al., 1986; Pransky et al., 1999; Park et
al., 1992; Park et al., 1996; Nelson et al., 1992). They also
demonstrate that a large percentage of workers whose MSDs
were identified as work-related by health care providers do
not file workers’ compensation claims (Biddle et al., 1998;
Cannon et al., 1981; Fine et al., 1986). In one early study,
only 47 percent of workers with medically diagnosed cases
of carpal tunnel syndrome (CTS) filed claims (Cannon et al.,
1981). Fine and his co-authors (1986) demonstrated that, in
two large automobile manufacturing plants, workers’
compensation claims were filed in less than 1 percent of
medically confirmed cumulative trauma cases in one plant
and in only 14 percent of such cases in another. A recent
study of 30,000 Michigan workers who were identified by
a healthcare provider as having a work-related injury
showed that only 9 to 45 percent of workers filed a workers’
compensation claim for their injuries (Biddle et al., 1998).
The reasons why as many as 50 percent of injured workers
are not reporting their musculoskeletal injuries and other
injuries and illnesses to their employers or seeking
compensation for their work-related conditions are many.
According to the authors of these studies, workers feared
reprisal for reporting, were discouraged from reporting by
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their supervisors or managers, were discouraged from
making a workers’ compensation claim by the high rates of
claims rejection for MSDs, wanted to avoid the ‘‘hassle’’ of
filing a workers’’ compensation claim, or preferred (or were
encouraged by their employers) to use the employer’s or
their own health insurance rather than the workers’

compensation insurance system. Because of this evidence
pointing to the substantial underreporting of MSDs, and
given that the BLS data derives from employers’ reports of
lost-time injuries and illnesses, OSHA believes that the risk
of lost-time, work-related MSDs as quantified from the BLS
data are understated by at least a factor of two.

Table VII–2.—Summary of Underreporting Studies

STUDY MEASURE OF UNDER-
REPORTING

EXTENT OF UNDER-
REPORTING OBSERVED COMMENTS

McCurdy, Schenker, and
Samuels, Am. J. Public
Health. 81:85 (1999, Ex. 2–
2)

Percentge of cases meeting
OSHA reporting criteria not
recorded on OSHA log

40% of all reportable cases
not recorded; for illnesses,
56% not recorded

10 manufacturing facilities in
6 states from semicon-
ductor industry with approx.
50,000 employees; 24% of
cases met OSHA criteria.

NIOSH. Health Hazard Eval-
uation Report, HETA 93–
0233–2498, (1995, Ex. 26–
1255)

Failure to report lost work-
days and restricted work
OSHA 200

Not quantified; ‘‘several’’ em-
ployees had surgeries for
WMSDs in 5-year period
and 1⁄3 of employee were
on restricted work, but no
LWDIs reported on Log
over 5-year period

Winding and taping depart-
ment of an instrument
transformer manuacturer;
27 employees in depart-
ment.

NIOSH. Health Hazard Eval-
uation Report, HETA 93–
0860–2438, (1994, Ex. 26–
1256)

Percent of medically con-
firmed WMSD cases not
recorded on OSHA log or
not reported to employer

5 employees reported to
NIOSH that they had been
diagnosed with carpal tun-
nel syndrome (CTS); of
these, 2 did not report their
illness to the employer. 1
of the 5 reported cases
were not reported on log

News department of large
metropolitan TV-news sta-
tion; video tape editing and
other employees.

Cannon, Bernacki, and Wal-
ter, JOM. 23:255 (1981, Ex.
26–1212)

Percent of employees diag-
nosed with work-related
carpal tunnel syndrome
(CTS) over 2 years not fil-
ing workers’ compensation
claims

16/30 diagnosed employees
received workers’ com-
pensation benefits for CTS.
Others did not file

Four aircraft manufacturing
plants; approx. 20,000 em-
ployees.

Mazlish, Randolph, Dervin,
and Sankaranarayan, Am.
J. Ind. Med. 27:715 (1995,
Ex. 26–1186)

A new survellance system for
work-related carpal tunnel
syndrome (CTS) was im-
plemented in Santa Clara
county, California under the
NIOSH SENSOR program.
Its findings were compared
to physicians’ first reports
filed under a State of Cali-
fornia surveillance system
in place since 1973

For the years 1987–1989,
SENSOR identified 141
cases. Of these, only 19
cases could be found in
doctors’ first reports

The population at risk for
CTS covered by SENSOR
is the entire working popu-
lation of Santa Clara coun-
ty. The working population
was not reported in the ar-
ticle, but the total popu-
lation in the county was 1.4
million in 1987.

California Department of
Health Services. Surveil-
lance Report SR–88–002
(1990, Ex. 26–1257)

Telephone and mail survey of
515 health care providers
in Santa Clara County,
California, who estimated
carpal tunnel syndrome
(CTS) caseloads. Esti-
mates were compared to
physicians’ first reports
filed under a State of Cali-
fornia surveillance system
in place since 1973

For 1987, respondents esti-
mated that they cared for
3,413 cases of work-re-
lated CTS. Only 71 occu-
pational CTS cases were
reported in the county
through doctor’s first re-
ports

The working population in
Santa Clara county was
not reported in the docu-
ment, but the total popu-
lation in the county was 1.4
million in 1987.
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Table VII–2.—Summary of Underreporting Studies—Continued

STUDY MEASURE OF UNDER-
REPORTING

EXTENT OF UNDER-
REPORTING OBSERVED COMMENTS

Silverstein, Stetson, Keyser-
ling, and Fine, Am. J. Ind.
Med. 31:600 (1997, Ex. 26–
28)

Incidence (per 100 worker
years) of work-related
MSDs reported on OSHA
200 logs compared with
cases that received med-
ical treatment, as identified
by self-administered ques-
tionnaire

Plant/year OSHA Self-
200 log re-

port
Plant 1

1986 1.0 30.9
1987 2.7
1988 6.9

Plant 2
1986 0.9 40.9
1987 11.9
1988 21.4

Four automobile manufac-
turing plants. 713 out of
948 workers selected for
the study completed the
questionnaire.

Plant 3
1986 20.3 47.8
1987 14.6
1988 19.3

Plant 4
1986 0.7 24.5
1987 2.1
1988 9.9

Biddle, Roberts, Rosenman,
and Welch, JOEM. 40:325
(1998, Ex. 26–1258)

Percentage of workers identi-
fied by a health care pro-
vider (HCP) as having a
known or suspected occu-
pational illness who filed
for workers’ compensation

Percentage of HCP-identified
cases for which cor-
responding workers’ com-
pensation claim was identi-
fied ranged from 9% (al-
most certain match be-
tween HCP case and
claims case) to 45.6%
(possible match between
HCP case and claims
case)

Study of 30,000 Michigan
workers identified as hav-
ing work-related illness by
an HCP.

Percentage of workers with
sprains or strains who filed
for worker’s compensation

Percentage of HCP-identified
cases for which cor-
responding workers’ com-
pensation claim was identi-
fied ranged from 11.6% (al-
most certain match be-
tween HCP case and
claims case) to 46.9%
(possible match between
HCP case and claims
case)

Percentage of workers with
carpal tunnel syndrome
(CTS) who filed for work-
ers’ compensation

Percentage of HCP-identified
cases for which cor-
responding workers’ com-
pensation claim was identi-
fied ranged from 22.6% (al-
most certain match be-
tween HCP case and
claims case) to 62.5%
(possible match between
HCP case and claims
case)
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Table VII–2.—Summary of Underreporting Studies—Continued

STUDY MEASURE OF UNDER-
REPORTING

EXTENT OF UNDER-
REPORTING OBSERVED COMMENTS

Fine, Silverstein, Armstrong,
Anderson, and Sugano,
JOM, 28:674 (1986, Ex.
26–920)

Incidence (per 100 worker-
years) of upper-extremity
MSDs reported in OSHA
200 logs compared with
workers’ compensation
(WC), medical absence
records (MAR) and medical
case records (MCR)

Plant OSHA WC MAR MRC
200

B 0.03 0.29 3.04 2.03
C 0.15 0.45 1.85 13.98

Data from two large auto-
mobile manufacturing
plants (total employment
not reported).

Pransky, Snyder, Dembe, and
Himmelstein, Ergonomics,
42:171 (1999, Ex. 26–922)

Percent of workers reporting
musculoskeletal symptoms
caused or aggrevated by
work, compared to OSHA
log entries

Work- % %
related reporting in

Symptom log

Hand/Wrist 86% 6%
Arm 33% 1%
Neck 21% 0
Back/legs 28% 2%

Questionnaire administered
to 110 packers, of whom
98 reponded. Plant pro-
duces variety of children’s
products.

9% of workers reported that
symptoms resulted in lost
work days over the past
year. 6% reported they
were formally assigned
light-duty work by plant
nurse. 15% reported
sumptoms resulted in infor-
mal light-duty work ar-
ranged by co-workers

Park, Krebs, and Mirer,
JOEM, 38:1111 (1996, Ex.
26–1261)

Number of claims made in a
sickness and accident
(S&A) disability (sick leave)
system compared to lost-
work-day (LWD) injuries
and illnesses recorded in
OSHA log

Only 7 of an estimated 47
(15%) S&A upper extremity
LWD cases in 1992 were
recorded on the OSHA log.
For LWD back injuries, 27
of an estimated 36 (75%)
S&A cases were recorded

Study of an automotive as-
sembly and stamping com-
plex employing 10,000
workers.

Park, Nelson, Silverstein, and
Mirer, JOM. 34:731. (1992,
Ex. 26–1259)

Medical insurance claims
linked to work histories
compared to OSHA logs

From 1984 to 1987, OSHA
logs failed to record be-
tween 20 and 80 percent of
occupational MSDs

Conclusion based on authors’
own unpublished data from
insurance records of five
automotive manufacturing
plants. These records iden-
tified 11,577 MSD health
claims made by 3,204
workers.

Nelson, Park, Silverstein, and
Mirer, Am. J. Public Health.
82:1550 (1992, Ex. 26–
1260)

Medical insurance claims
linked to work histories
compared to OSHA logs

From 1985 through 1986,
OSHA logs identified 59
hand/wrist MSD cases
compared to 150 cases
identified in health insur-
ance records. For all MSDs
from 1984 through 1987,
only 9% of cases identified
through insurance claims
were recorded on OSHA
logs (the authors cite data
from Parks et al. (1992) in-
dicating that about half of
upper extremity MSD
cases from insurance
claims are attributable to
work)
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In addition to the BLS data, epidemiologic studies
comparing the prevalence or incidence of MSDs in exposed
populations with the prevalence or incidence in referent
groups with lesser or no such exposure also document the
elevated risk confronting employees exposed to workplace
risk factors. These studies also identify the types of
workplace risk factors associated with the development of
work-related musculoskeletal disorders, as well as the
duration of exposures found to be associated with the
disorders. This information further supports the
occupational origin of the reported disorders.

For example, the odds of having an upper extremity
disorder like carpal tunnel syndrome or tendinitis/
peritendinitis of the shoulder or wrist are 5–30 times greater
among workers exposed to combinations of risk factors such
as high force, repetition and awkward postures (e.g.,
overhead work) compared either to unexposed workers or
workers who are exposed to a single risk factor (e.g.,
Luopajarvi et al., 1979, Ex. 26–56; Armstrong et al.,1987, Ex.
26–48; Silverstein et al., 1987, Ex. 26–34; deKrom et al.,
1990, Ex. 26–41; Herberts et al., 1984, Ex. 26–51). The odds
of experiencing a low back disorder increased 3–8 fold
among those workers exposed to frequent or forceful manual
handling, awkward trunk postures (such as severe forward
flexion), or to whole body vibration (Liles et al., 1984, Ex.
26–33; Kelsey et al., 1990, Ex. 26–52; Punnett et al., 1991,
Ex. 26–39; Wikstrom et al., 1994, Ex. 26–61; Tanaka et al.,
1995, Ex. 26–59). Hip and knee disorders are associated with
heavy physical work and awkward postures, such as
kneeling and squatting, or using the knee as a kicker. Thun
et al. (1987, Ex. 26–60) reported an increased risk of bursitis
in carpet-layers that was 5 times higher than that of the
unexposed workers. In a review of 4 studies, Hagberg and
Wegman (1987, Ex. 26–32) estimated the work-attributable
fraction of shoulder tendinitis in the exposed population to
be 90%. In a review of 15 cross-sectional and 6 case control
studies of carpal tunnel syndrome, Hagberg et al. (1992, Ex.
26–50) estimated the work-attributable fraction in the
population exposed to high force, high repetition, vibration
or awkward wrist/hand postures to be 50–90%. Olsen et al.
(1994, Ex. 26–57) estimated that 40% of the cases of
coxarthrosis (osteoarthrosis of the hip) seen in the exposed
working population was due to heavy physical workload.
Thus, in general, strong and consistent associations have
been identified in the epidemiologic literature, primarily in
cross-sectional and case control studies, but also in
prospective studies (e.g., Kurppa et al., 1991, Ex. 26–53;
Riihimaki et al., 1994 Ex. 26–58; Felson et al., 1991, Ex. 26–
49). Exposure-response relationships have been identified in
a number of studies, although precise quantitative modeling
is not yet available.

Based on the various data and studies discussed in the
Preliminary Risk Assessment and Health Effects sections of
the preamble, OSHA preliminarily finds that workers
exposed to workplace risk factors are at significant risk of
developing work-related musculoskeletal disorders, which
are harmful and often disabling conditions. This is
particularly true for workers who are exposed to a
combination of risk factors over most of the workshift.

The data indicate that this proposed rule would, if
promulgated, cause employers to implement, for their
problem jobs, interventions that would reduce the exposure
of at-risk workers to workplace risk factors, and thus would
substantially reduce significant risk. Specifically, the
proposed requirements to conduct job analyses and
implement controls where exposure to risk factors is high
(i.e., for manufacturing jobs, manual handling operations,

and other jobs where a work-related MSD has occurred)
would help to ensure that employees are exposed to fewer
risk factors over time, or to a combination of risk factors for
a lesser amount of time, than is now the case. A large body
of data demonstrates that workplace interventions, such as
job analysis to identify risk factors and implementation of
controls to reduce exposures to these risk factors, can be
very effective in reducing those forces responsible for
musculoskeletal disease and injury; this has been shown in
studies that have quantitatively examined the impact of
ergonomic interventions on exposures to risk factors, as well
as studies and reports that have documented actual
reductions in injury prevalence following the
implementation of ergonomics programs. Several of the
proposed standard’s ancillary provisions, such as MSD
management and training, will provide additional protection
against the significant risk that will remain after controls are
implemented in problem jobs.

C. Preliminary Conclusions
OSHA preliminarily concludes, based on the evidence

discussed above and elsewhere in the record, that the
scientific data are sufficient to demonstrate that exposure to
work-related risk factors is associated with the development
of musculoskeletal disorders of the upper extremities, back,
and lower extremities. Risk factors identified from this body
of literature include repetitive motions; use of excessive
force; segmental and whole-body vibration; maintaining
awkward postures of the neck, wrists, arms, trunk, and
lower-extremities; lifting, lowering, pushing, carrying, and
pulling loads of excessive weight; and exposing extremities
to temperature extremes. Depending on the specific
combinations of risk factors encountered in the workplace,
musculoskeletal disorders identified as being work-related
include nerve entrapments such as carpal tunnel syndrome
(hand, wrist), trigger finger (hand), De Quervains’ disease
(wrist), tendinitis (hand, wrist, shoulder, ankle),
epicondylitis (elbow), rotator cuff tendinitis (shoulder and
neck), sciatica (lower back), osteoarthritis (hip, knee),
bursitis (knee), and tarsal tunnel syndrome (foot).

The evidentiary base on which OSHA relies in making
these preliminary conclusions is described fully in the
Health Effects section of the preamble. This evidence is
comprised of several hundred cross-sectional, case-control,
prospective and case series reports of working populations
in a variety of industrial settings. Supplementing these
reports is a large body of scientific literature that provides
data on the mechanisms by which exposure to these risk
factors causes musculoskeletal disorders; these data
demonstrate the biological plausibility of the relationship
between exposure to workplace risk factors and an elevated
risk of MSD injury and illness.

MSDs have been recognized as compensable under
virtually all State workers’ compensation plans, although
some states limit the kinds of MSDs considered
compensable. Workers’ compensation system recognition of
the work-relatedness of many MSDs further demonstrates
the link between these disorders and risk factors on the job.
Taken together, OSHA believes that the scientific and other
evidence described in the preamble to this proposed rule
constitute an evidentiary base of unusually depth and
quality.

Accordingly, OSHA preliminarily concludes that
musculoskeletal disorders associated with workplace
exposure to workplace risk factors constitute material
impairments of health under the OSH Act. Further, as
demonstrated by the evidence discussed in Section B above,
the data available to the Agency demonstrate clearly that
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5 BLS reports that, in 1997, this number has fallen by about 3% since 1996,
to 626,000 lost workday cases. However, in this analysis, OSHA relies on the
BLS data for 1996, because the detailed breakdowns of the 1997 data needed
for this economic analysis are not yet available.

workers in the occupations and industries covered by the
proposed ergonomics program standard are at significant
risk of experiencing a work-related MSD over their working
lifetime; for many occupations and industries, they are at
significant risk of experiencing a work-related MSD even in
a single year of work in their job.

VIII. Summary of the Preliminary Economic Analysis and
Regulatory Flexibility Analysis

A. Introduction
OSHA’s Preliminary Economic and Regulatory Flexibility

Analysis addresses issues related to the costs, benefits,
technological and economic feasibility, and the economic
impacts (including small business impacts) of the Agency’s
proposed ergonomics program rule. The analysis also
evaluates regulatory and non-regulatory alternatives to the
proposed rule. This rule is a significant rule under Executive
Order 12866 and has been reviewed by the Office of
Information and Regulatory Affairs in the Office of
Management and Budget, as required by the executive order.
In addition, this economic analysis meets the requirements
of both Executive Order 12866 and the Regulatory Flexibility
Act (as amended in 1996). The complete Preliminary
Economic and Regulatory Flexibility Analysis has been
entered into the rulemaking docket as Exhibit 28–1. The
remainder of this section of the Preamble summarizes the
results of that analysis.

The purpose of this Preliminary Economic and Regulatory
Flexibility Analysis is to:

• Identify the establishments and industries potentially
affected by the proposed rule;

• Estimate the benefits of the rule in terms of the
reduction in musculoskeletal disorders (MSDs) employers
will achieve by coming into compliance with the
ergonomics program standard and some of the direct cost
savings associated with those reductions;

• Evaluate the costs, economic impacts and small
business impacts establishments in the regulated community
will incur to establish ergonomics programs to achieve
compliance with the proposed standard;

• Assess the economic feasibility of the rule for affected
industries;

• Evaluate the principal regulatory and non-regulatory
alternatives to the proposed rule that OSHA has considered;

• Present the Initial Regulatory Flexibility analysis for the
proposed rule; and

• Respond to the findings and recommendations made to
OSHA by the Small Business Regulatory Enforcement
Fairness Act (SBREFA) Panel convened for this proposed
standard.

The Preliminary Economic Analysis contains the
following chapters:

Chapter I, Introduction
Chapter II, Industrial Profile
Chapter III, Technological Feasibility
Chapter IV, Benefits
Chapter V, Costs of Compliance
Chapter VI, Economic Feasibility
Chapter VII, Economic Impacts and Initial Regulatory

Flexibility Analysis
Chapter VIII, Assessment of Non-Regulatory Alternatives.

B. Introduction and Industrial Profile (Chapters I and II)

The proposed ergonomics program standard was
developed by OSHA in response to the large number of

work-related musculoskeletal disorders of the upper
extremities, back, and lower extremities that are threatening
the health and well-being of many U.S. workers.
Musculoskeletal disorders affect workers in almost every
occupation and industry, regardless of establishment size,
nature of work (clerical, professional, skilled, or unskilled),
or industry sector. This is the case because work-related
musculoskeletal disorders are caused or aggravated by risk
factors—such as repetitive motion, forceful exertion,
vibration, and awkward postures—that are present, either
alone or in combination, in many jobs. The large number
of musculoskeletal disorders—647,000 MSDs resulting in at
least one day away from work in 1996, according to Bureau
of Labor Statistics (BLS) data 5—is largely explained by the
continued reliance on unassisted lifting, carrying, and
pushing/pulling of loads; the increasing specialization of
work; and the faster pace of work (Ex. 26–1413).

Because these characteristics of work are not unique to the
United States, countries of every size and on every continent
are also experiencing significant numbers of musculoskeletal
disorders among their workforces. Many of these countries—
ranging from the United Kingdom and Sweden to Pakistan,
Ecuador, and South Africa—have already established
regulatory requirements designed to address some or all of
the workplace risk factors giving rise to these disorders. A
table summarizing the ergonomics rules and guidelines
issued by other countries and organizations can be found in
Chapter I of the Preliminary Economic Analysis.

To reflect the ubiquitous nature of MSD hazards in the
workplace, the scope of the proposed standard potentially
encompasses all workplaces within general industry.
However, the scope of the proposed standard is tiered in a
way that matches the extent of the ergonomics program
required to the extent of the risk in different establishments.

The proposed ergonomics program standard allows
employers whose employees are engaged in manual
handling or manufacturing operations but have not
experienced an MSD that is covered by the standard to
implement only a basic program, while employers whose
employees work in jobs where there has been at least one
covered MSD must implement the full program. The full
program requirements apply to any employer in general
industry whose employees experience a covered MSD, not
just to those whose establishments engage in manual
handling or manufacturing operations. Many employers
have found that ergonomics programs that have certain
elements and provide a framework to systematically
consider and address work-related MSDs can substantially
reduce the number and severity of these MSDs, as well as
the costs associated with them. There is widespread
agreement that successful ergonomics programs include the
following elements in some form:

• Management leadership and employee participation
• Hazard information and employee reporting
• Medical management (called ‘‘MSD management’’ in the

proposed rule)
• Job hazard analysis and control
• Training
• Program evaluation.
The proposed standard adopts a tiered approach to

program implementation and is job-based. This means that
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general industry establishments whose employees work in
jobs that have a lower probability of incurring an MSD
would not be required to take any action until an MSD has
occurred. Moreover, further action would only be triggered
if the MSD is determined to be one that is recordable under
the OSHA recordkeeping standard and, in addition, is
determined by the employer to be the kind of MSD
associated with risk factors that are a core element or
significant part of the employee’s regular job duties.
Establishments whose employees have a higher probability
of incurring a covered MSD, i.e., those with employees
engaged in manufacturing production operations or manual
handling jobs, would be required to implement a basic
ergonomics program for those jobs. The basic program
essentially sets up an ergonomics surveillance system by
establishing a way for employees to report MSDs as early
as possible, providing them with the information they need
to recognize MSDs and MSD hazards, and putting in place
the management structure and employee participation
mechanisms of an effective ergonomics program.

The full program requires the employer to analyze and
control the ‘‘problem’’ job (i.e., the job held by the injured
employee and other jobs in the workplace that involve the
same physical work activities), to provide affected
employers and their supervisors with training, and to
evaluate their programs periodically. The full program is
only required for those jobs where a covered MSD has
occurred and those jobs that are essentially the same, with
respect to physical work activities, as the job held by the
injured employee. In addition, if no covered MSD occurs in
a previously controlled job for three years, the establishment
is permitted by the standard to drop back to the basic
program (if the establishment has employees who are
engaged in manufacturing or manual handling operations)
or to a program involving only maintenance of the controls
in the problem job and any associated employer training (if
the establishment does not have employees engaged in
manufacturing operations or manual handling).

The basic program includes those elements that are
appropriate to workplaces where problem jobs have not yet
been identified:

• Management leadership, including allocation of
resources, information and training for responsible managers
or supervisors, and assignment of program responsibilities;

• Establishment of an employee reporting system and
protection against discrimination for employees
participating in the program or reporting MSD hazards;

• Providing employees with the information they need to
recognize the signs and symptoms of MSDs and MSD
hazards; and

• Employer determination of the recordability of the MSD
and the relatedness of the MSD to the particular employee’s
job (to determine whether the MSD is one covered by the
standard at all).

Once a covered MSD has been identified, a full program
is required. However, even the full program may not be
necessary in some circumstances when such an MSD is
identified. For example, if the means of controlling the job

giving rise to the MSD are obvious and the MSD hazard can
be eliminated entirely, the employer may choose the
standard’s Quick Fix option and is not required to
implement the full program for that job.

To determine the number of establishments within the
scope of the standard, OSHA needed to obtain data on the
number of establishments with employees engaged in
manufacturing operations or manual handling, and the
number of establishments without employees engaged in
these activities who would be brought under the standard
as a result of having an MSD. OSHA assumed that all
establishments in the manufacturing sector would have
employees engaged in manufacturing operations. OSHA
estimated the number of establishments engaged in manual
handling on the basis of responses to a question on a 1993
ergonomics survey conducted by OSHA. The question asked
general industry employers whether any of their employees
engaged in lifting more than 25 pounds. Because lifts of 25
pounds or more would not necessarily qualify as a manual
handling job under the proposed standard, reliance on the
survey responses to estimate the number of establishments
with manual handling jobs may mean that OSHA’s estimates
of the number of such establishments may be high. To
determine the likelihood that an establishment would have
an employee who would incur an MSD, OSHA needed to
determine the rate of MSDs by industry. BLS provided
OSHA with data on the rates of lost workday MSDs by
industry but does not have data on the rates of all MSDs,
including MSDs involving restricted work only and those
involving no lost worktime (Ex. 26–1413). In this analysis,
OSHA estimates the rate of all MSDs on an industry-by-
industry basis. To obtain the total MSD rate for each
industry (including lost workday MSDs, restricted work
MSDs, and non-lost workday MSDs), OSHA multiplied the
reported rate of MSDs involving days away from work by
the industry-specific ratio of the rate of all injuries and
illnesses involving days away from work to the rate of all
injuries and illnesses. The number of reported lost workday
MSDs in each industry was then multiplied by this ratio to
obtain the total MSD rate for each industry.

Table VIII–1, based on data from County Business Patterns
for 1996, shows the three-digit industries covered by the
standard and the number of employees and establishments
in each covered industry within the general industry sector
(Ex. 28–2). Table VIII–1 also shows the estimated annual
incidence rates for all MSDs (lost workday, restricted work,
and non-lost workday) for each industry. (These rates differ
from those shown in the risk assessment section of the
Preamble because they include an estimate of all MSDs,
rather than lost workday MSDs only, and because they use
County Business Patterns estimates of industry employment
in computing MSD rates.) Table VIII–1 shows that the total
MSD incidence rates in general industry range as high as
3,434 per 10,000 workers (in Truck Terminal and Joint
Terminal Maintenance Facilities for trucks (SIC 423)). A
total of about 6 million establishments and 93 million
employees are present in general industry.

BILLING CODE 4510–26–P
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Table VIII–2 shows that about 2 million of the
establishments in general industry (or about one-third of all
establishments) will be covered by the standard (either by
a basic or a full program) in the first year after the standard
goes into effect (Table VIII–2). This table breaks these
establishments out by those within the scope of the
proposed standard because they have employees engaged in
manufacturing operations, because they have employees
engaged in manual handling, or have employees engaged in
other activities that have caused a covered MSD. About
373,000 establishments are estimated to need a basic
program as a result of having employees engaged in
manufacturing operations, and a total of about 976,000

establishments will need a basic program because they have
employees engaged in manual handling. In the first year of
the standard’s implementation, about 600,000
establishments whose employees engage in other general
industry jobs (i.e., have jobs that do not involve either
manual handling or manufacturing operations) will need to
fix jobs because they have an employee who has incurred
a covered MSD. In the first year, approximately 7.7 million
jobs will be fixed as a result of the ergonomics program
standard. At the end of ten years, approximately 30 million
problem jobs will have been fixed (see Chapter IV of the
Preliminary Economic Analysis).
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C. Technological Feasibility (Chapter III)

Only a few of the proposed rule’s provisions are related
to technological feasibility; these are the job hazard analysis
and control provisions in sections 1910.917 through
1910.922. These provisions require employers to analyze
those jobs that have been linked to a covered MSD, as well
as other jobs in the workplace that involve the same work
activities and conditions as the job in which the covered
MSD was reported. Once the job has been analyzed,
employers must evaluate the risk factors identified by the
job hazard analysis and implement controls to eliminate or
materially reduce the MSD hazards in the job.

Employers are permitted by the proposed standard to use
any combination of engineering, administrative, or work
practice controls to achieve the required level of control.
Engineering controls are always the control method of
choice, because they eliminate the hazard at its source.
However, the standard permits employers to use work
practice and administrative controls to address MSD hazards
as well. Personal protective equipment (PPE) may be used
to supplement engineering, work practice, and/or
administrative controls, but it may not be used as the only
method of control unless other controls are not feasible. In
addition, the proposed standard notes that back belts and
wrist braces are not considered PPE under this standard
because these devices do not provide an effective barrier
between the MSD hazard and the employee. The standard
also permits employers to implement an incremental
abatement process, i.e., to try a control that is reasonably
anticipated to materially reduce the MSD hazard adequately
and to try another such control if the first control fails.

The proposed rule also clearly states that the controls that
must be applied to the problem job are limited to those that
are feasible. The Technological Feasibility chapter of the
analysis provides an extensive list exemplifying the control
measures that employers have found effective in addressing
the risk factors of concern: forceful exertion, repetitive
motions, awkward postures, vibration, contact stress, static
postures, and cold temperatures. These are discussed in
connection with manual handling, manufacturing
production, and other general industry jobs.

Chapter III includes lists of controls to address each of the
relevant risk factors associated with these jobs. Numerous
intervention studies have also shown that controls of these
kinds work to reduce risk factors and MSDs among workers
in the jobs targeted by this standard. In addition, thousands
of employers have implemented successful ergonomics
programs and have identified many feasible engineering,
administrative, and work practice controls to reduce the
number and severity of the MSDs occurring in their
workplaces. In addition, OSHA’s 1993 ergonomics survey
showed that 50% of general industry employees worked in
establishments that have ergonomics programs, and OSHA
expects that this percentage has grown since that time. Based
on this evidence, OSHA preliminarily concludes that the
proposed standard is technologically feasible for general
industry employers with problem jobs. Ergonomic controls,
including engineering, work practice, and administrative
controls, as demonstrated by the many published case
studies (such as those captured by the scenarios in
Appendix III–A to Chapter III), are widely available, well
understood, and demonstrably effective in reducing MSD
hazards in the workplace.

D. Benefits Analysis (Chapter IV)

In its analysis of both the benefits and costs of the
proposed standard, OSHA has estimated MSD rates based on

BLS data. As discussed in the Preliminary Risk Assessment
section of the Preamble, there is extensive evidence that
MSDs are underreported to the BLS, perhaps by as much as
50 percent. To the extent that those provisions of the
standard that are designed to encourage reporting increase
the number of MSDs reported, both the costs and benefits
of the proposed standard would be affected. (See the Initial
Regulatory Flexibility Analysis, Section VIII. H., for a
discussion of possible impacts of increased reporting on
both the benefits and costs of the proposed standard.)
However, the proposed standard also creates incentives for
employers to discourage employee reporting of MSDs,
because the reporting of a covered MSD is the event under
the standard that triggers the need to implement job controls
and/or a full program. In this Preliminary Economic
Analysis, OSHA has chosen to assume that these two effects
will leave the current MSD reporting rate unaffected.
However, OSHA welcomes data and comments on the extent
of MSD underreporting, possible increases in the reporting
of MSDs that may occur after employers implement an
ergonomics program, and on the incentive effects of the
proposed standard on employee reporting of MSDs.

Most of the benefits of the proposed standard will be
generated when employers fix their problem jobs and thus
reduce the number of covered MSDs these jobs cause.
Hazard information, MSD management and work restriction
protection will also generate benefits because they will
ensure that MSDs are identified and treated early in their
development, thus preventing progression of the MSD to a
serious long-term disability. However, OSHA has not yet
found ways to separately calculate the benefits of fixing
problem jobs and the benefits of early detection, although
the Agency is aware that early reporting and medical
management have substantial benefits that are similar to
those associated with preventive medicine in general. For
example, Oxenburgh et al. (1985) compared two groups of
VDU operators (Ex. 26–1041). In Group A, which did not
report early or receive medical management early, 22% of
cases were at the second or third stage by the time they
sought medical attention, compared with 8% at these stages
in Group B, which had been made aware of the need to
report early and the value of prompt medical management.
The mean period of absence for Group A workers was 33.9
days; only 25% of this group continued to work (i.e., at
alternate duty) throughout the period of recuperation. In
Group B, however, the mean period of absence from work
was only 3.4 days, and fully 80% of this group remained
in alternate duty throughout. The mean number of alternate
duty days was 91 days for Group A workers and 31.5 days
for those in Group B. The total amount of time the average
worker in Group A lost, either to days away or alternate
duty, was 124.9 days; in Group B, this figure decreased by
72%, to 34.9 days. Thus the elements of the basic program
plus medical management can have substantial benefits even
in the absence of a full program. Most employers who have
implemented ergonomics programs agree, and have included
both hazard identification, early reporting, and medical
management elements in their programs.

Most of the preventive, as against remedial, benefits of the
proposed ergonomics program standard will stem, however,
from the implementation of the full program, because the
standard’s most important preventive elements are job
hazard analysis and control. The proposed standard (and
therefore this economic analysis) is structured in such a way
that the number of jobs fixed in any given year depends on
the number of covered MSDs projected to occur and the
number of workers OSHA estimates hold jobs that involve
the same physical work activities as the job giving rise to
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the covered MSD. The number of workers holding the same
job, as defined by the standard, varies by industry and job.

A review of 88 studies of ergonomics program
interventions showed that they reduced MSDs by an average
of 67 percent (the median effectiveness rate for these studies
was 64 percent). (These case studies are largely pre- and
post-intervention studies of control effectiveness, expressed
in terms of reductions in the MSD rate.) Those studies from
this group that provide information on reductions in lost
workday case rates and reductions in the value of workers’
compensation claims demonstrate that these programs are
even more effective in reducing more serious MSDs than
they are in reducing all types of MSDs. These intervention
studies are, in turn, supported by the results of a large group
of epidemiological studies of the work-related risk factors
leading to MSDs (see the Preliminary Risk Assessment
section of this preamble). That section describes the results
of a large number of risk ratio studies reviewed by NIOSH
(NIOSH 1997), which found that reducing the risk factors
present in the jobs of the exposed populations (those who
had experienced MSDs) to the risk factor levels found in the
jobs of the control (non-exposed) populations in these
studies would result in a 69% reduction in the number of
MSDs of the neck or shoulder in the exposed population,
a 57% to 86% reduction in the number of upper extremity
disorders in this population, and a 56% reduction in the
number of MSDs of the back. OSHA assumes, for the
purpose of this benefits analysis, that the levels of risk
factors present in the jobs of the workers in the control
populations (i.e., the exposures of the control group workers
to forceful exertions, awkward or static posture, repetitive
motions, etc.) are equivalent to the levels of these risk factors
that would be present in jobs that have been controlled or
‘‘fixed,’’ as would be required by the proposed standard.
Based on the data from these two sources (the intervention
studies and the risk ratio studies), which report effectiveness
rates that are strikingly consistent, OSHA estimates that the
ergonomics program required by the proposed standard will
prevent 50 percent of the covered MSDs that would
otherwise have occurred in problem jobs. OSHA believes
that this estimate of the effectiveness of the proposed
standard is conservative, because many programs achieve
substantially higher reductions and some eliminate MSD
hazards entirely.

Determining the number of employees whose jobs will be
fixed by the full ergonomics program required by the
standard is unusually complicated because of the structure
of the proposed standard itself. For example, the full
program is applicable only to employees in a job in which
a covered MSD has occurred and to other employees in the
establishment in the same job, as defined by the standard.

Any analysis of the number of employees affected by the
program envisioned by the proposed rule must consider: (1)
That some MSDs initially reported to employers will turn
out, on closer examination, not to be covered MSDs, and (2)
that some MSDs will continue to occur in jobs that have
already been fixed. To OSHA’s knowledge, there are no data
on either of these points.

Lacking such data, OSHA assumes, for analytical
purposes, that all OSHA-recordable MSDs, rather than a
portion of all OSHA-recordable MSDs, that occur in jobs that
have not been fixed will require employers to implement a
full program, and that all MSDs, rather than some MSDs,
subsequently occurring in jobs that have already been fixed
will not be covered MSDs and will thus not require
employers to implement a full program. In other words, in
terms of this analysis, OSHA treats these two factors as

offsets of each other, i.e., that the number of MSDs screened
out will be equal to the number of MSDs subsequently
occurring in controlled jobs. In actuality, some problem jobs
that have been fixed will need further hazard control, and
some covered MSDs will continue to occur in jobs that have
not been fixed but will nevertheless not trigger
implementation of the full program. The result of these
simplifying assumptions is to overestimate the frequency
with which a full program will be needed in the first years
after the standard is implemented and to underestimate the
frequency with which a full program will be needed in the
out-years. Because this analysis only covers the first 10 years
following the proposed standard’s effective date, OSHA
believes that these simplifying assumptions are likely to lead
to an overestimate of both the benefits and costs. (In its cost
analysis, OSHA assumes that employers will incur costs to
investigate all MSDs that occur; thus, the simplifying
assumptions used here are not carried forward into the cost
analysis, which instead assumes that employers will assess
the OSHA recordability and then the covered status of all
MSDs occurring among their employees.)

OSHA estimates that employers will be required to fix
approximately 7.7 million jobs in the first year the standard
is in place, and a diminishing number every year thereafter.
Over ten years, approximately 30 million jobs will be fixed.
OSHA estimates that fixing these jobs will reduce the
number of covered MSDs caused by these jobs by 50 percent
per year (based on the effectiveness rate derived above) for
the next ten years (the time horizon of this analysis). In the
first 10 years, the proposed standard is therefore projected
to avert approximately 3 million MSDs. By the tenth year
the proposed standard is in place, it will have reduced the
number of general industry MSDs by 26 percent, compared
with the number of MSDs reported by the BLS for general
industry in 1996.

OSHA estimates that the direct cost savings associated
with each MSD, including the savings in lost productivity,
lost tax payments, and administrative costs for workers’
compensation claims, are $22,500 per MSD (1996 dollars).
These direct cost savings do not attribute a value or assign
a monetary cost to the pain and suffering of injured or ill
workers, losses to their families, or losses of the worker’s
ability to contribute at home, and are thus conservative
estimates of these savings. Based on this estimate of the
direct cost savings associated with each covered MSD
avoided, the annualized benefits (using a discount rate of
7%) accruing in the first ten years the standard is in effect
are estimated to be $9.1 billion per year.

E. Costs of Compliance (Chapter V)

This chapter presents OSHA’s estimates of the costs
employers would incur to comply with the proposed
ergonomics program rule. The costs reported are annualized
costs measured in 1996 real dollars for the first 10 years the
rule is in effect. To calculate annualized costs, non-recurring
costs have been annualized using a discount rate of 7
percent for an estimated life of 10 years. The cost analysis
does not account for any changes in the economy over time,
or for possible adjustments in the demand and supply of
goods, changes in production methods, investment effects,
or macroeconomic effects of the standard. Taking account
of all of these effects could increase or decrease the cost or
benefit estimates presented here, although the
macroeconomic effects of any rule whose costs are less than
0.05 percent of GNP are likely to be minimal. OSHA believes
that its approach, i.e., of determining the benefits and costs
of the standard for industry as it is today, is the least
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speculative and least controversial way of presenting the
benefits and costs of the proposed standard.

OSHA relied on responses to a 1993 ergonomics survey
(see Appendix II–A to Chapter II of the Preliminary
Economic Analysis) of thousands of general industry
employers to estimate the extent to which establishments
within the scope of the standard already have implemented
ergonomics programs involving the control of jobs. This
current industry baseline was taken into account in
calculating industry-by-industry and size-of-establishment
cost estimates, i.e., any costs employers have already
incurred, and any benefits they have already accrued, to
voluntarily implement such programs have not been
attributed to the proposed rule.

Costs were calculated separately at the three-digit SIC
code level for all industries. These industry-by-industry cost
estimates account for differences among industries in terms
of wage rates, turnover, baseline rates of compliance, and the
MSD rate for the industry. To facilitate analysis of the
impacts of the proposed rule on small businesses, costs were

calculated separately for each of three size classes of
establishments. The Initial Regulatory Flexibility Analysis
(Section VIII. H. of this Preamble) provides a detailed
summary of OSHA’s unit cost estimates for each element of
the standard.

Table VIII–3 presents the annualized costs of the proposed
ergonomics program standard. As this table shows, the total
annualized costs to society are $3.4 billion, and the costs
to employers are $4.2 billion. (The difference in these cost
estimates is accounted for by the fact that an annualized cost
of $875 million represents a shift in the costs employees are
currently paying in the form of lost wages to costs that
employers would be required to incur in the form of work
restriction protection costs, i.e., a shift in costs from
employees to employers.) The job control provisions of the
standard account for $2.3 billion, or 54 percent of the
standard’s total costs, and the work restriction protection
provision accounts for $875 million, or 21 percent of this
total.

BILLING CODE 4510–26–P
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6 OSHA estimated productivity impacts by determining the average
percentage reduction from gross costs caused by productivity in a set of
examples of ergonomic interventions. Please see the Preliminary Economic
Analysis, particularly Tables V–17 through V–19, for details.

Estimates of the costs of job control are presented as net
costs, because OSHA has taken the benefits employers often
accrue from productivity improvements associated with job
controls as offsets to the costs of job control. OSHA estimates
that the labor savings (productivity improvements) provided
by the job controls the standard will require will amount to
approximately $1.3 billion per year in annualized savings.6
OSHA believes that many ergonomic interventions improve
productivity, either because they reduce employee fatigue
and relieve muscle pain (which means that the employee
will do more work in less time), or because they involve
automating portions of jobs in ways that can be expected to
improve productivity. In addition to such direct effects on
productivity, ergonomic interventions frequently offset the
employers’ cost for controls by:

• Reducing absenteeism because a worker is less likely to
take time off to recover from muscle soreness, fatigue, etc.;

• Reducing turnover, particularly since new hires are
more likely to find an ergonomically designed job within
their physical capacity;

• Improving product quality because fewer errors are
made when processes are more automated and demand less
physical effort.

These positive productivity impacts are attested to by the
experience of many employers (see the productivity tables
in Chapter V of the Preliminary Economic Analysis).
OSHA’s 1993 ergonomics survey of general industry
employers found that 30 percent of those employers who
had implemented ergonomics controls reported that their
ergonomics programs had had measurable positive impacts
on productivity. On average, these employers (including the
few employers who reported that their controls had negative
impacts on productivity) reported a weighted average
productivity improvement of 7 percent per intervention. A
review of the case studies of ergonomics programs discussed
in Chapter IV found that one program in four reported
having produced an increase in productivity.

F. Economic Feasibility (Chapter VI)
The OSH Act requires the Agency to set standards for

toxic materials and harmful physical agents (such as
musculoskeletal risk factors) that are feasible, both
technologically and economically. To demonstrate that a
standard is feasible, the courts have held that OSHA must
‘‘construct a reasonable estimate of compliance costs and
demonstrate a reasonable likelihood that these costs will not
threaten the existence or competitive structure of an
industry, even if it does portend disaster for some marginal
firms’’ [United Steelworkers of America, AFL–CIO–CLC v.
Marshall (the ‘‘Lead’’ decision)].

OSHA’s analysis of economic feasibility is conducted on
an establishment basis. For each affected industry, estimates
of per-establishment annualized compliance costs are
compared with per-establishment estimates of revenues and
per-establishment estimates of profits, using two worst-case
assumptions about the ability of employers to pass the costs
of compliance through to their customers: the no cost
passthrough assumption and the full cost passthrough

assumption. Based on the results of these comparisons,
which bound the universe of potential impacts of the
proposed standard, OSHA then assesses the proposed
standard’s economic feasibility for establishments in all
covered industries.

OSHA assumed that the establishments falling within the
scope of the proposed standard had the same average sales
and profits as other establishments in their industries. This
assumption is reasonable because there is no evidence
suggesting that the financial characteristics of those firms
whose employees experience covered MSDs are different
from firms that do not have covered MSDs among their
workforce. Absent such evidence, OSHA relied on the best
available financial data (those from the Bureau of the Census
(Ex. 28–6) and Robert Morris Associates), used commonly
accepted methodology to calculate industry averages, and
based its analysis of the significance of the projected
economic impacts and the feasibility of compliance on these
data.

The analysis of the potential impacts of the proposed
standard on before-tax profits and sales shown in Table VIII–
4 is a screening analysis because it simply measures costs
as a percentage of pre-tax profits and sales under the worst-
case assumptions discussed above, but does not predict
impacts on these before-tax profits or sales. The screening
analysis is used to determine whether the compliance costs
potentially associated with the proposed standard could
lead to significant impacts on affected establishments. The
actual impact of the proposed standard on the profit and
sales of establishments in a given industry will depend on
the price elasticity of demand for the products or services
of establishments in that industry.

Table VIII–4 shows that the potential impacts of the
proposed standard on average industry profits are small,
even under the worst-case scenario of no cost passthrough.
For all industries as a whole, annualized compliance costs
are 0.6 percent of profits. Compliance costs potentially
exceed 5 percent of profits only for 10 industry groups, and
they exceed 10 percent of profits only in one industry (SIC
561, Men’s and boy’s clothing stores). This potential impact
is accounted for in this industry by the fact that, as reported
by Robert Morris Associates (RMA), this industry’s profits
are extremely small—0.1 percent of sales (compared with an
average profit of 4.89 percent for all industries).

Based on the data for establishments in all industries
shown in Table VIII–4, OSHA preliminarily concludes that
the proposed ergonomics program standard is economically
feasible for the industries covered by the standard. OSHA
reaches this conclusion based on the fact that, even under
the worst case scenarios of full cost passthrough and no cost
passthrough, respectively, impacts on average industry
revenues are only 0.03 percent, and impacts on average
profits are only 0.6 percent. In only one industry, SIC 561,
do worst-case profit impacts exceed 10 percent and, as
discussed above, this industry’s profits are abnormally low
(only 0.1 percent of sales). The average annual profit per
establishment for the establishments in SIC 561 is $721, by
far the lowest profit for any of the approximately 300
industries shown in Table VIII–4.

BILLING CODE 4510–26–P
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